Aim Aim: To investigate nursing work patterns in a neurology department in a Chinese hospital. Background: Knowledge of nursing work patterns is important for nursing management and work design, and for the evaluation of organizational process change associated with the introduction of an innovation.
Introduction
during a period of time. As it is well-planned and objectively conducted by a trained 1 researcher, it is usually more accurate than self-reporting logs. However, in this method the 2 time expenditure of an activity was estimated instead of counting the actual time. This may 3 not be accurate. It may also cause loss of certain useful information such as the interaction 4 among nurses or between nurses and patients. 5 In a time and motion study, an observer measures and records every activity performed by a 6 healthcare worker and the exact amount of time the person spends on the activity (Qian et al., 7 2012). Thus it is able to provide an accurate recording of the amount of time, duration and 8 frequency of an activity, as well as the sequence of activities. 9 Although nursing time studies can be dated back to 1950s (Abdellah & Levine, 1954) and 10 have been conducted in many countries over the decades (Williamson Jr & Johnston, 1988, 11 Urden & Roode, 1997 , Williams, Harris & Turner-Stokes, 2009 & Partanen, 2014), to our knowledge, there has been no report on nursing work pattern and 13 time expenditure in hospitals in mainland China. This knowledge is vital for enriching and 14 advancing the field of international nursing management and leadership. Therefore, this study 15 aimed to empirically investigate the work patterns of nurses in a Chinese hospital using the 16 time and motion observation method. The Neurology Department was staffed by 16 registered nurses (RNs), each had at least 3 three-year university education. On a working day, a nurse might be in charge (Charge RN) 4 or in support (Support RN) role. The difference between these two types of RNs was a 5 Charge RN had clear caring responsibility for patients allocated to her; whereas the Support 6 RN was "floating" around to provide helping hands to the Charge RN when the later was 7 fully occupied to respond to further duty.
8
In a day shift from 8 am to 8 pm, four Charge RNs and three Support RNs provided nursing 9 care to 36 patients. All Charge RNs worked from 8 am to 5 pm. One Support RN worked 10 from 7:45 am to 3:45 pm, another worked from 12 pm to 8 pm, and the third worked from 8 11 am to 12 pm and then from 5 pm to 8 pm. Therefore, the nurse-to-patient ratio was 1:6 from 8 12 am to 5 pm, and reduced to 1:18 after 5 pm.
13

Ethical considerations
14 Ethical approval was granted by the ethics committee of the participant hospital based on the 15 written approval given by the university and the approval by the Head Nurse in the hospital.
16
The observer was introduced to the nursing staff by the Director of Nursing (DON) in the 17 Neurology Department.
18
To ensure that the nurses' participation in the study was completely voluntary, the researchers 19 informed the nurses that the study was independent from hospital operation and participation 20 in it was completely voluntary. Nurses could choose to refuse to participate or withdraw their 1 data from the study at any time and their refusal or withdrawal of data would not affect any 2 relationship that they had with the unit, the hospital or the university. It was also made 3 explicit that the research data collected from them would be stored securely in the password 4 protected computers of the researchers and were only accessible by the researchers. On each 5 observation day, the observer re-iterated the study purpose and procedure, and the voluntary 6 nature of participation. Only after explicit written consent was acquired from the person, was 7 observation of the person's activities permitted to begin.
8
Classification of nursing activities 9
A four-step process was followed for the development of the classification system of nursing 10 activities: 1) identification of nursing activities and their classifications from the literature, 2) 11 field observation to identify nursing activities specific to the study setting, 3) validation of 12 nursing activities by unit nurses and 4) field testing the validity of the classification system.
13
In the first phase, hospital nursing activities, their definitions and classifications were 14 identified from the literature (Capuano, Bokovoy, Halkins & Hitchings, 2004, Chaboyer, 15 Wallis, Duffield, Courtney, Seaton, Holzhauser, Schluter & Bost, 2008 , Hendrich, Chow, 16 Skierczynski & Lu, 2008 , Lee, Mills & Lu, 2008 , Williams et al., 2009 , Abbey, Chaboyer & 17 Mitchell, 2012 , Antinaho et al., 2014 .
18
In the second phase, the observer observed two Charge RNs from 8 am to 5 pm on two Table 1 ). The definitions of direct care and indirect care were adopted from the 6 previous studies (Pelletier et al., 2003 , Williams et al., 2009 . Direct care is "nursing care 7 activities performed in the presence of the patient and/or family". Indirect care is "nursing 8 care activities performed away from the patient, but on a specific patient's behalf". Three 9 important nursing activities -verbal communication, documentation and infection control -10 were initially included in the categories of direct care and indirect care. In order to acquire 11 enough granularity, we separated these three activities into independent categories of their 12 own, differentiating them from those of direct care and indirect care.
13
In the last phase, the classification system was validated in a two-day observation with a 14 participant nurse who had extensive experience in nursing practice. The observer and the 15 nurse independently observed the same activities. Then the two discussed the similarities and 16 differences of their records. The results suggested that the classification system was valid in 17 representing the nursing activities in the unit.
18
Insert Table 1 
about here
Study participants 1 Fourteen out of 16 (86.5% of) nurses working in the unit were observed. There were nine 2 Charge RNs and five Support RNs. Due to the availability of nurses at duty during the 3 observational period, two Charge RNs and one Support RN were observed twice. The rest 11 4 nurses were observed once each. Therefore, the nursing activities in the unit were adequately 5 captured. The number of participants observed was confined by the actual number of nurses working in 8 the study unit and the availability of the observer. The unit of analysis, however, was the 9 activity, rather than individual nurses, so the sample size was determined as the total number 10 of activities to be recorded. Using the statistical power calculation formula suggested by 11 Sittig (Sittig, 1993) and data collected from the pilot observation, it was determined that the 12 total number of activities needed to be observed was 1,824 and 1,411 for Charge RN and 13 Support RN, respectively. In the formal data collection, 5,368 and 2,549 activities were 14 recorded for the two types of nurses, respectively, larger than the estimated sample size.
15
Field data collection 16 Data collection was carried out over a period of 17 days in 2014. The convenience sampling 17 approach was used to select one nurse to observe on each day. An Excel spreadsheet with a Nurses spent 28.5% (95% confidence interval [CI]: 23.9-33%) of their time on verbal 1 communication, with 8.8% of this communication time concurrently spent on doing another 2 activity. The second most time-consuming activity was documentation (28.3%, 95% CI: 3 21.9-34.8%). This was followed by indirect care (14.6%, 95% CI: 8.9-20.2%), direct care 4 (14.0%, 95% CI: 11.8-16.1%), staff break (8.8%, 95% CI: 5.2-12.3%), transit (8.2%, 95% CI: 5 6.5-9.9%), infection control (3.6%, 95% CI: 2.7-4.5%) and other activities (2.8%, 95% CI: Figure 2 presents the time, frequency and duration by activity category for each type of nurse.
13
Charge RN spent significantly less time than Support RN on 'indirect care' (8.2% vs. 26.2%, 14 p<0.0001), 'staff break' (6.9% vs.12.3%, p<0.01), and 'transit' (6.5% vs. 11.3%, p<0.0001).
15
In a sharp contrast with Support RN, Charge RN spent more time on 'documentation' (35.5% 16 vs. 15.3%, p<0.0001) and 'verbal communication' (32.5% vs. 21.1%, p<0.001). whereas the average duration of indirect care and verbal communication were less than one 8 minute. There was a similar pattern for the Support RN, except for indirect care which has a 9 longer duration than that of the Charge RN.
10 Figure 3 shows the distribution of durations of activities. Of the 7,917 activities recorded, 11 22.5% were completed in less than 10 seconds, and 23.3% took between 10 and 19 seconds.
12
Overall, about two-thirds of the observed activities in the ward had a very short 13 duration-less than 40 seconds. The nursing activity classification system developed in our study includes 67 distinctive 11 nursing activities. This high level of granularity facilitates accurate identification and 12 recording of nursing activities in field observations. It is useful for nursing work redesign, 13 hospital unit organization, and evaluation of change in nursing work following the 14 introduction of new innovations e.g. mobile nursing documentation system into nursing work.
15
Compare to other classifications of hospital RNs' activities (see Table 2 ), our classification 16 distinguishes communication, transit and infection control (e.g. washing hands) from the 17 others so as to highlight the resource of nursing time required for these activities. Hayes, B., Bonner, A. & Pryor, J. (2010) . Factors contributing to nurse job satisfaction in the acute hospital 
